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Novel two radiographic measurements for atlantoaxial instability in Down syndrome children 
（小児 Down症候群に伴う環軸椎不安定症に対する頸椎中間位側面像での新しい 2つの画像計測値） 
 
Introduction. 
In pediatric atlantoaxial instability (AAI), early diagnosis is important for improved outcomes 
because of poor postoperative recovery in progressed neurological symptoms(Bull, 2011, Doyle et 
al., 1996, Pueschel et al., 1984). Conventional dynamic radiography of the cervical spine is 
associated with a potential risk of worsening neurological symptoms(Crosby and Lui, 1990, 
Harley and Collins, 1994, Kobel et al., 1982, Powell et al., 1990). The aim of this study is to assess 
the usefulness and reproducibility of two novel safe and simple radiographic measurements for 
AAI in Down syndrome (DS) children. 
 
Methods.  
We retrospectively reviewed the medical records of 50 patients (24 boys and 26 girls) with AAI 
associated with DS. Of the 50 children, 11 had undergone and 4 had been scheduled for surgery 
(surgical group). In this investigation, in addition to the atlas-dens interval (ADI) and space 
available for spinal cord (SAC), we measured C1 inclination angle and C1/4 SAC ratio on lateral 
radiographs of the cervical spine in the neutral position. To assess the diagnostic abilities of these 
indices to determine indication for surgery, receiver operating characteristic (ROC) analysis of 
each index was performed, and their diagnostic abilities were compared using the area under the 




The discriminatory abilities of C1/4 SAC (AUC, 1.00) and C1 inclination angle (0.91) were 
comparable with those of ADI (0.98) and SAC (0.95). For the interobserver and intraobserver 
reliability of the novel indices, the intraclass correlation coefficients ranged from 0.88 to 0.99. 
Correlation was observed between the ADI and C1/4 SAC ratio (r = 0.507, p < 0.01) and between 
the ADI and C1 inclination angle (r = 0.407, p < 0.01). 
 
Discussion.  
The diagnostic abilities of the two novel radiographic measurements were comparable with 
those of ADI and SAC(Davidson, 1988, Ferguson et al., 1997, Macrae, 1960, Pediatrics, 1984, 
Pueschel et al., 1992, Spierings and Braakman, 1982, Tredwell et al., 1990, White et al., 1993). 
Moreover, these novel measurements can be obtained safely on lateral radiographs of the cervical 
spine in the neutral position. 
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